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ENGINEER EVAWLAUTION OF Tf"MAL INSULATION ON MAGNESIUM
MAGAIMSE DIOXIDE DRY BATTM PERFORMANCE

INTRODUCTION

Substantial improvements in magnesium manganese diuxide (Mg/Mno2 ) dry
battery perforance were obtained by thermally insulatLng the battery to
retain the heat evolved during discharge. According to Lretr and Ryan,1

this heat is evolved from two sources at the magnesium anode - that
generated because of the difference between the operazin6 wnnd theoretical
voltages, and that produced by the parasitic corrosion reaction.

Magnesium in an aqueous solution operates about 1.1 V below its
theoretical voltage. This voltage differential causes heat energy to be
evolved as the magnesium anode discharges. The amount of heat energy
evolved is related directly to the current drawn from the cell and can be
expressed as follows:

= 1.1 (I)T (1)

where Q is expressed in watthours, 1.1 is an approximation of the Volts
below theoretical at which the anode functions, I is the current drain in
amperes, and T is the time in hours. (To express the heat energy in

calories, the watthours are multiplied by 860.)

In the parasitic corrosion reaction the magnesium anode reacts wita
the water in accordance with the following reaction:

Mg + 2H2 O.-0' Mg(OH) 2 + H2 + 82.1 kcal per gram-mole of Mg (2)

Figure I shows an approximation of the combined effect of the two

sources of hiat at various anode effJciencies versus the current of a
single cell. The efficiency appropriate for communication equipment type
drains is 75%.

EXPERIMEI TAL PROCEIWJRES

The use of thermal insulation surrounding the Mg/MnO2 dry battery ws
investigated as a means of retaining the heat generated by the battery
during discharge and thus improving i.te performance by raising the operating
temperature. Various size magnesium dry batteries were evaluated under

1

T. K. Krebs and R. Ryan, "High Capacity Magnesium Batteries," Fina.
Report, Contract DA36-039-SC-8534o (EWOM), Radio Corporation of America,
November 1962.
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several conditions with different thicknesses of thermal insulation. In
some cases, nickel-cadmium ',iiCd) batteries were used in parallel with the

Mg/MnO2 dry battery in a hybrid configuration. Since thermal insulation
could cause the batteries to reach high operating temperatures, individual
Mg/Mn0 2 dry cells were discharged at 130 and 2200F in order to determine
the influence of these temperatures on cell performance.

Insulation, Batteres, and Equipment

Rigid polyurethane, density 2.0 pounds per cubic foot, was used as
thermal insulation. On one test, 3/8 inch thick insulation was encased in
steel walls, 0.065 inches thick. On the other tests the insulation was
not encased in steel, and varying thicknesses, including 3/8 inch, were
evaluated to establish the influence of thickness on capacity. On all
tests the void between the surface of the battery and the inner surface ofthe insulation was less than 1/4 inch. .

Three different batteries were utilized in this investigation. The
"CD" size Mg/MnO dry cell (0.935 inches in diameter x 3.3 inches high)
was tested individually. Magnesium Battery BA-4386/PRC-25, manufactured
by high speed production equipment, was used in the "as received" condition.
This battery measures 3.625 inches x 2.125 inches x 9.50 inches and weighs
2.60 pounds; the 14.4 Volt A2 rection contains about 3.6 ampere-hours
capacity at the 20 hour discharge rate. A 3 Volt A1 section is included
in the battery but was not used. Magnesium Battery BA-4840/U was
constructed with sixty-four cells, each one measurirg 0.939 inches in
diameter by 3.18 inches in height. The cells were connected in series-

parallel to provide two nominal 14.4 Volt sections. Each section contained
thirty-two cells, eight cells in series, four stacks in parallel. This
battery weighs 9.8 pound. and has the following dimensions: length 11.61
inches, width 3.42 inches, and height 6.00 inches. The nickel-cadmium
batteries used were of the sealed cylindrical type with a capacity of 250 mAh.
Two 250 mAh cells in parallel were employed to make a 500 mAh capacity battery.

Battery operating temperatures were determined by placing a thermocouple
against the midpoint of the largest side (based on area) of the battery.

All tests, other than "hose in the 70°F range, were conducted in a
Tenney Mite 5 temperature cabinet manufactured by Tenney Engineering, Inc.
The 70°F and 74°F tests wen:! conducted in air-conditioned rooms. Unless
noted otherwise, all batteries were pre-soaked at lea.t sixteen hours prior
to discharge at the indicated ambient temperature.

Discharge Programs

Individual Cells at High Temperatures

High temperature can be. produced within an insulated battery compartment
by the heat generated durir.g discharge of the Mg/MnO2 dry battery. In order
to establish the influence of high temperatures on the discharge capacity
of the Mg/MnO2 dry cell, 1 roups of five each individual production line "CD"

3



cells were subjected to various discharge loads at 7F, 130"F, ar 220"F
as follows: 7.5 ohms (20-hour discharge rate) continuously, 30.0 ohms
(100-hour discharge rate) continuously, and 2.5 ohms/50.0 ohms on a
2 minute/18 minuite duty cycle repeated continuously. The 2-minute periods
of the latter test represent a heavy &ain rate (6-hour discharge rate).
The discharges were conducted to a cutoff of 1.25 Volts.

BA-4386/PRC-25 at Constant 5 Watt Drain

The A. section of Battery BA-4386/PRC-25 was subjected to a constant
5-Watt discharge to an end voltage of 10 Volts at various temperatures and
with insulation as indicated, in accordance with the following schedule:

Mickness of Discharge Teperature
Insulation
In Inches -25F 209F 40F 160 F

None X X

1/8 x x

1/4 x x x

3/8 X X X

1/2 X X X

X - Indicates Test Run.

No 2etal box surrounded the insulation. The voltage during discharge
was observed closely and appropriate changes made in the resistance so
that the wattage was maintained as closely as possible to 5 Watts.

Battery BA-434o/U Under Various Load Conditions

Two discharge programs were used to evaluate Battery BA-4840/U against
the operational requirenents of a field radio transceiver now in develop-
ment. The discharges were on a I minute/9 minute duty cycle, repeated
continuously.

- 4



Both sections of the BA-4840/U were discharged concurrently to an end,
voltage of 10 Volts. The evaluation was carried out in accordance with the
following program:

Discharge Temperature

Loads for each No Hybrid Hybrid
14.4 Volt
Battery Section 70F 40*F 70 ° F 40 ° F 20OF 20OF

(Not (n-sulated)*
Insulated)

1.5 ohms/65 ohms X X X X X X

2.5 ohms/100 ohms X X X x

* - 3/8 inch thick insulation, encased in steel walls, surrounded the
battery.

X - Indicates Test Bun.

The hybrid configuration consisted of eighteen 250 mAh NiCd cells
(connected in series-parallel) in parallel witn each 14.4 Volt section of
Battery BA-4840/U. Charge control circuitry was not used. The NiCd
battery was not encased in the insulation.

HZa Current Drain For BA-4386/PRC-25 - NiCd Hybrid

The A2 section of Battery BA-4386/PRC-25, in parallel with a nine-cell
250 mAh NiCd battery, was discharged thru 4.7 ohms/40 ohms, to an end
voltage of 10 Volts, on a 1 minute/9 minute duty cycle, repeated continu-
ously. Each 1 minute interval was preceded by a 100 ms pulse thru 1.75
ohms. The evaluation of the hybrid battery was made in accordance with
the following schedule:

Ambient Hybrid Hybrid Hybrid Battery System with
Temperature Battery Battery Insulated BA-4086/PRC-25

OF System a System b Encased in a Metal Box a

20 X XX

*40 x x

70 X

a - Soaked at indicated temperature at least 16 hours prior
to discharge.

b - Soaked at indicated temperature for no more Tchan 1/2 hour

prior to discharge.

X - Indicates Test Run.

5



This evaluation was selected to show that current delivering limits of

the hybrid system can be reached and what influences these limits

hatve on operating capacity.

DISCUSSION AND RESUMJ

Individual Cells at High Temperatures

Table I shows the service in hours and the capacity in ampere-hours
obtained from individual "CD" size Mg/MnO2 dry cells at temperatures ef
220-F, 130-F, and 74-F. The capacities are influenced by the interactions
between discharge temperature and the length of time on discharge.

Table 1. Average Service For Individual "CD" Size Cells

Discharge Loads In Ohms
Temperature *

°F ___ 30.0 2.5/50
Hrs Ah Hirs Ah Hrs Ah

220 21.5 4.82 58.0 3.64 36.2 3.51

130 28.0 6.05 89.2 5.09 50.0 4.56

74 19.5 3.68 102.0 5.44 59.0 5.17

* - Discharged continuously.

** - Discharged on a 2 minute/18 minute duty cycle,
repeated continuously.

Voltage versus time discharge curves are shown in Figure 2 for the
7.5 ohm discharge. As expected, a higher ambient temperature resulted in
an elevation of the operating voltage. This w x also crue for the 30 ohm
and the ,'.5 ohm/50 ohm discharges.

The increased voltage does not account entirely for the decrease in
service observed. At 220°F, a lower aupere-hour capacity was obtained on
each test when compared to the 1300F results. This behavior can be attrib-
uted to moisture loss. After the 30 ohm continuous discharge and the
2.5/50 ohm, 2 and 18 minute discharge, tie cells all exhibited small holes,
or pitting, on the anode. This pitting occurred during discharge because
the chromate inhibition system did not protect the entire anode's surface.
(Any non-uniform corrosion early in the cell's discharge could initiate
this procees by providing a site of corrosion into which the chromate ion
might not pen.trate.) The rate of the resulting corrosion increased as the
operating temperature rose and the corrosion process consumed vital cell
moisture. In addition, the holes also provided a path for moisture to
escape from the cell and, at the same time, these holes provided a path for
air depolarization.

6
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BA-4386/PRC-25 at Constant 5 Watt Drain

Capacity obtained with various thicknesses of insulation around Battery
BA-4386/.?RC-25 while subjecting the 2 .4 Volt section to a constant 5 Watt
discharge at various ambient temperatures is shown in Table 2.

The use of insulation had a marked influence on battery capacity. At
an ambient temperature of 200F, battery capacity increased threefold when
1/8 inch thick insulation was emploed as compared to no insulation. At
an ambient temperature of -25 F little or no capacity would be obtained
with no insulation, but at least 7.7 hours of useful service were obtained
with 3/8 inch thick or more insulation. The difference in battery perform-
ance with 3/E inch thick insulation between the 16 hour soak perind and the
1/2 hour soak period may be due to variation in the batteries. The voltage
delay data at -25°F is presented to indicate that at low temperatures the
delay time can be very substantial if the batter is cold-soaked for a
lengthy period before discharge. Starting with a warm battery curtailed the
lengthy delay time. At 20°F, no delay was observed but surely some small
delay (less thsn a minute) did occur and was not sensed on the device used
to measure the voltage because of its slow operating speed.

In addition to the data prusented in Table 2, at 400F, an average
of 12.6 hours of service was obtained .ritn no insulation and 17 hours( to an
end voltage or 12.6 Volts) with 1/2 inch insulation. At 1600 F, '7 hoers
were obtained with 1/i14 inch insulation and 25.5 hours with 3/8 inch
insulation; the battery surface temperature reached 1770? and 183*F,
respectively. Since these battery temperatures did not have a severe
negative influence on battery capacity, it is assumed that the individual
cell temperature did not reach a level high enough to adversely affect
performance.

Battery BA-48hO/U Under Various Load Conditions

The advantages gained by hbridizing Battery BA-4840/U with the NiCd
battery and also insulating the BA-4840/U against heat loss are shown in
Table 3. The results given represent the average of two tests in each case.

The results in Table 3 show that a hybrid configuration must be employed
to obtain any significant performance at O°F. At 20°F, the insulated
hybrid configuration is required to get more than just the few hours obtained
with the hybri-d configuration alone. No delayed action was exhibited by
the nybrid design in either case. The NiCd battery portion (1 pound, 27
cubic inches) of the systen represents an increase in weight of 20.2% and
an increase in volume of 11.5%, with both percentages based on the weight
(9.8 pounds) and volume (235 cubic inches) of the Mg/MnO2 battery.

High Current Drain for BA-4V6/PRC-25 - NICd Hybrid Configuration

The hybrid combination of the 14.4 Volt section of Battery BA-4386/PRC-25
end a rine cell 250 mAh NiCd battery is service limited as the current drain
Increases or the temperature falls. The use of insulation to raise the
batter; 's operating temperature cannot always overcome the deleterious
influence of the combination of high current and low temperature.

8
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Table 3. Service in Hours of 14.4 Volt Section of Battery BA-4840/U

Loads (Ohms): 1.5/65* 2.5/100*

Discharge
Battery Temperature
Configuration °OF Service Service

No Hybrid 70 15.9 27.8

4o 2.0 estimated 4.3

Hybrid - Not Insulated 70 18.4 30.0

IO 14.5 24.2

20 2.2

Hybrid- Insulated** 20 17.8

* - Discharged on a 1 minute/9 minute duty cycle,
repeated continuously.

** - 3/8 inch rigid polyurethane, 2 pound/cubic foot
density, encased in 0.10 inch steel walls.

- 3.0



Table 4 presents the data obtained when the hybrid combination was
discharged on a 1 minute/9 minute duty cycle, repeated continuously, thru
4.7 ohms/4i.O Ohms, res:pectively. In this sequence, each I minute period
was preced d by a 100 .as pulse load of 1.75 ohms. The beneficial influence
of insulat on at 400F is shown. A threefold increase in capacity was
realized when compared to the performance without insulation. At 20°F the
use of insulation did not help when the battery was cold soaked and allowed
to reach the ambient temperature before the discharge was started. Zero
service incicatea that the operating limit of the battery system was exceeded
at the operating temperature for t R current drain encountered. At lower
current drains, the limit would occur at lower temperatures.

The lack of service is attributed t* the inability of the Mg/MnO2
battery to provide the voltage required to recharge the NiCd battery at
+20OF when the hybrid battery system is subjected to a 40.0 bhm load.

Table 4. Service For Hybrid Consisting of Battery BA-4386/PRC-25
and Nine 250 mAh NiCd Cells

Point at

Which
Ambient Voltage
Temperature Reading Hours of Hours of Hours of

°F was taken Servicea Serviceb Service

20 Pulse 0 2.0 0

1 Minute 0 2.3 0

40 Pulse 3.4 - 12.3

1 Minute ' 6 - 12.3

70 Pulse 15.3

1 Minute 15.5

a - Hybrid soaked at least 16 hours before discharge.
b - Hybrid soaked no more than 1/2 hour before discharge.
c - Battery PA-4386/PRC-25 was encased in 3/8 inch thick

insulatl.,. The NiCd portion was not included within
the insulation. This combination soaked at least
16 hours before discharge.
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CONCIUSIONS

Heat evolved by the Mg/mO 2 dry battery during discharge can markedly
improve battery performance, espe ially at low temperatures, if thermal
insulation is employed to retain the heat within the battery compartmnt.
The more insulation (up to 1/2 inch thick), the more capacity is obtained
at low ambient temperatures; however, at high ambient temperatures, the
reverse can be true at low discharge rates.

For communication type operation, the benefit obtained by employing
insulation around the Mg/MnO2 battery can be further improved by hybridizing
it with a nickel-cadmium battery. However, in the desi.gn of battery using
equipment, overall operating temperatures and discharv rates should be
considered. In hybrid dvidgns there are limits in the performance improve-
ments; the limits are dependent on the ability of the Mg/MnO2 battery to
recharge the NiCd battery. 11"is ability depends on the operating tempea-s-
ture and the magnitude of tht low current load.

12 HISA-FM-777-75


